Introduction: Both nutritional metals such zinc and iron, and toxic metals, such as lead, present in food above certain permissible levels, pose danger to consumers. Fish harvested from contaminated waters tend to have high levels of these metals. Moreover, the level of contamination could be aggravated by processing and canning. Aim: In this research, we determined the extent to which zinc, iron and lead are present in canned fish commonly sold in Nigerian markets. Jaryum et al.; AIR, 7(4): 1-6, 2016; Article no.AIR.26444 2 obtained in Jos market, Nigeria. Measurement of metal concentration in the canned fish was carried out by using atomic absorption spectrometer. Results: The range obtained for the elements analyzed in µg/g (dry weight) in both the fish and fish oil are as follows: Zn, 22.06±0.05 -216.67±0.52; Fe, 13.48±0.29 -182.32±0.12; and Pb, 13.63±0.22 -235.12±0.10.
INTRODUCTION
Canning is one of the several methods used in food processing and production, designed to prolong the shelf-life of food stuffs [1] . Contact between food and the coat metal surface of packing containers or the processing equipment is a significant source of toxic contamination in food. Contamination of food products by heavy metals is becoming an unavoidable problem these days [2] . Recently, there was a public outcry about high levels of lead in water in communities across Illinois, USA, as reported by the Chicago Tribune of Thursday, May 12, 2016 . Apart from the threat from polluted environment, canned food is subjected to heavy metal contamination during the canning process [3] . Solder used in the manufacture of cans has been recognized as a source of lead contamination during canning [2] . Some metals such as zinc, copper and iron are essential to life and play vital roles in the functioning of critical enzyme systems. Other metals especially lead and mercury, are xenobiotics, and may be toxic even at trace levels of exposure [4] . Lead inhibits δ-aminolevulinate dehydratase, a key enzyme in haem biosynthesis. This causes ineffective haem synthesis and subsequent microcytic anaemia [1] .
Excessive metal intake, for instance iron, however, can be toxic because free ferrous iron reacts with peroxide to produce free radicals, which are highly reactive and can damage DNA, proteins, lipids and other cellular components. This occurs when iron levels exceed the capacity of transferrin to bind the iron [5] . Humans experience iron toxicity above 20 mg of iron per kilogramme mass. The Dietary Reference Intake (DRI) lists the tolerable upper level (UL) of iron for adults 45 mg/day [6] .
It is estimated that 3000 of the hundreds of thousands of proteins in human body contain zinc prosthetic groups, one type of which is the so-called zinc finger. Zinc ions are now considered to be neurotransmitters. Cells in the salivary gland, prostrate, immune systems and intestine use zinc signalling [7] . Even though zinc is an essential requirement for a healthy body, too much can be harmful. Excessive absorption of Zinc can also suppress copper and iron absorption [8] [9] [10] [11] . Intakes of 150-450 mg of zinc per day have been associated with such chronic effects as low copper status, altered iron function, reduced immune function, and reduced levels of high-density lipoproteins [12, 13] . The free zinc ion in solution is highly toxic to plant, invertebrates and even vertebrate fish [14] . The free zinc ion is also a powerful Lewis acid up to the point of being corrosive. Stomach acid contains hydrochloric acid, in which metallic zinc dissolves readily to give corrosive zinc chloride [13] .
The aim of this research was to determine the concentrations of zinc (Zn), iron (Fe) and lead (Pb) in canned fish sold in Jos metropolis, Nigeria, with a view to comparing with the permissible levels.
MATERIALS AND METHODS

Reagents
High purity nitric acid, from the British Drug House, Poole, England; and perchloric acid, from Sigma Aldrich Labochemikalien, Germany; were used as stock solutions).
A standard digestion mixture containing nitric acid and perchloric acid in the ratio 6:1 by volume was prepared from the stock solutions [15] . Samples were digested preparatory to the spectrophotometric analysis.
Sample Collection
Canned fish of various species of Sardine and Tuna, produced in African (Ghana and Morocco) and Asian countries (Thailand and Indonesia) were purchased at Jos Terminus Market, Nigeria, and include those shown in Table 1 above.
The canned fish were opened and the oil drained. The drained sardine/tuna-flake were spread on a crucible/evaporating dish and dried in an oven at 60°C. The dried samples were pulverized in a ceramic mortar and pestle prior to the digestion procedure.
Digestion Procedure
One gramme of each of the samples (ground) labelled 1, 2, 3 and 4 was weighed and transferred into a 50 ml conical flask. To each of these samples, 5 ml of the standard solution was added and heated on a hot plate in a fume cupboard for 10 min. until the sample became almost dried. Another 5 ml of the ashing mixture was added and heated as above. This procedure was continued until the sample was completely burnt off leaving the inorganic (minerals) components in the form of white ash [15, 16] .
The drained oil of the canned fish was also ashed. Approximately 5 ml each of the sample was ashed with 5 ml of the ashing mixture in 250 ml beaker labelled 1, 2, 3 and 4, heated on the hot plate in a fume cupboard for ten (10) min. The heating process continued as more and more of the 5 ml standard digestion solution was added until white ash was obtained.
These ash samples were dissolved, each in a minimum amount of the standard digestion solution, in a 50 ml plastic bottle. Deionised water was added to the mark of the bottle. This was taken to Physical and Chemical Laboratories of the Nigeria Mining Cooperation (NMC), Jos, Nigeria, for quantitative determination of Zn, Fe, and Pb using the atomic absorption spectrophotometer (AAS), UNICAM 969. All chemicals used were of analytical grade.
Statistical Analysis
The data were analyzed using the analysis of variance (ANOVA) on the statistical software of SPSS Version 17.0, at the Academic Office of the University of Jos. The acceptable level of statistical significance for all analyses was p < 0.05. Results were expressed as arithmetic means±standard deviation -(SD).
RESULTS AND DISCUSSION
The results obtained are as shown in the Tables 2 and 3 . From these tables, all values are statistically significant (p < 0.05). From Table 2 , zinc the most concentrated in all the types of canned fish analysed, been highest in Tuna fish of Thailand. In Table 3 , Zinc is still the most concentrated metal in the oils of the canned fish except in Sardine of Morocco where iron is the most concentrated. Most marine foodstuffs are canned to be more available for the consumption by humans living away from sea site [17] . The concentration of heavy metals in canned sea food varies, depending on the type and origin of the food, pH of the product of the cans, oxygen concentration in the head space, quality of inside lacquer coating of cans, storage time, as well as humidity of storage place [17] .
Zinc concentration (Table 2 ) in canned tuna from Thailand was significantly higher (p < 0.05) than Ghana. Whereas in Table 3 , canned Tuna oil from Ghana had a higher concentration than that from Thailand though all of them are high. Zn is needed in the body for some biochemical processes but its overload can lead to disease conditions. There was a significant difference (p = 0.05) between the Zn concentration of canned sardine from Indonesia and Morocco (Tables 2 and 3 ). Most probable presence of Zn is attributed to the canning process, and Zn in oil implies that this metal must have leached out of the tin into the oil. The implication of ingesting very high Zn concentration range from the suppression of copper and iron absorption needed for haem biosynthesis, damage the stomach lining. The maximum zinc level permitted for fish is 5.0 mg/kg [18] . The recommended daily intakes of zinc are 15 mg for adult males and 12 mg for adult females [19] . The highest average of zinc concentration (248.78±0.17 µg/g) was found in tuna fish of Thailand, while the lowest average zinc concentration (79.16±0.48 µg/g) was found in Sardine of Morocco. This range is consistent with the findings of Celik and Oehlenschlager [20] and Mendil et al. [21] who found lowest and highest zinc levels in Turkish canned fish samples to be in the range of 33.8-566 µg/g. United States environmental protection agency and the European Commission (US-EPA and EC) have not considered any standards or limits for the zinc concentrations [22, 23] .
Iron concentration in Table 2 is seen to be slightly higher in canned tuna from Thailand than Ghana. Whereas in Table 3 , canned tuna oil from Ghana had a concentration higher than Thailand though all the values are high. There is a significant difference (p = 0.05) between the canned tuna of Ghana and Thailand. Iron concentrations in both samples were found to be higher than the FAO/WHO/US-EPA permissible limits [22] . Fe is required often in animals, plants and fungi. It is incorporated into the haem complex; Haem is an essential component of cytochrome proteins which mediates redox reaction and oxygen carrier proteins such as haemoglobin and methaemoglobin. The presence of high concentration of Fe may have occurred by the corrosion of steel in the can. Fathabad et al. [24] reported iron, lead and mercury in canned fish sold in Tehran above the legal permissible limits set by health authorities. Iron overload result into disorder such as haemochromatosis, damages to the gastrointestinal tract preventing them from regulating Fe absorption, high blood concentration of Fe causes damage to the heart, liver and other tissues. There was no significant difference (p = 0.05) between the concentrations of iron in sardine of Indonesia and that in Morocco (Table 2 ). However, oils of these samples (Table 3) showed significant difference (p = 0.05) in their iron content. This may be for the same reason as stated above that the presence of high concentration of Fe may due to corrosion of steel in the can. Mol [25] reported iron concentrations in canned tuna fish in Turkey between 20.2-38.7 mg/kg.
From the results (Tables 2 and 3) there is a significant difference (p = 0.05) between lead concentration in canned Tuna of Ghana and that of Thailand. These may be as a result of the soldering processes of the tin or type of amalgam the tins are made up of. Also, the source of the tuna fish may be another source of such marked difference as fish of fresh water salt origins have different concentration of some metals. There is also significant difference (p = 0.05) between the concentration of lead in sardine of Indonesia and that of morocco. This may be due to the same reasons as stated for zinc above. This values are above the permissible limit set by FAO/WHO/US-EPA [22] . Ashraf et al. [23] reported concentrations of lead in several samples of tuna fish in Saudi Arabia. The amount of lead in tuna they found were 0.002, 0.21, 0.23, and 0.84 µg /g in each sample which were less than the amount of lead in tuna in south of Iran [23, 26] . Similarly, Boadi et al. [27] reported concentration of lead in canned fish marketed in Ghana in the range of 0.058-0.168 µg/g. All these results reported are lower than our findings. According to European commission [28] guideline and FAO, the allowable level of lead in fish, is 0.4 [29] . The levels of leads found in this study are more than those of the guidelines.
From literature available, there is a great variation in the metal contents of canned fish world-wide [20, 21, 24, 30] . Canned foods, compared to other packaging approach, contain higher metal contents. Cans stored for longer period are likely to be subjected to physical damage such as corrosion and dent. As such, some of the metals may dissolve into the foods especially when the lacquer coating is damaged. Therefore, apart from the concentrations of these metals in the fish (product) itself, the container (can) can contribute greatly to the overall metal content of the canned fish, as reported in this research.
CONCLUSION
In this study, we found high levels of zinc, iron and lead in canned fish sold in Jos, Nigeria, at concentrations above acceptable levels. Higher metal contents were found in the fish themselves than in the fish oil; suggesting little contribution of the can itself to the total metal concentrations. We recommend that modern technology equipment with high sensitivity and precision be used in conducting research of this nature. Furthermore, research on metal content of canned fish sold in Nigeria should be done with a view to ascertaining the level of these metals ingested by the populace.
